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Overview
Facing the food and poverty crises in developing countries will require a new emphasis on small-
scale water management in rainfed agriculture involving the redirection of water policy and 
large new investments. Rainfed systems dominate world food production, but water invest-
ments in rainfed agriculture have been neglected over the past 50 years. Upgrading rainfed 
agriculture promises large social, economic, and environmental paybacks, particularly in 
poverty reduction and economic development. Rainfed farming covers most of the world’s 
cropland (80%) and produces most of the world’s cereal grains (more than 60%), generat-
ing livelihoods in rural areas and producing food for cities. Estimates suggest that about 
25% of the increased water requirement needed to attain the 2015 hunger reduction target 
of the Millennium Development Goal can be contributed from irrigation. The remaining 
75% will have to come from water investments in rainfed agriculture. 
There is a close correlation between hunger, poverty, and water: most hungry and 
poor people live in regions where water challenges pose a particular constraint to food 
production. The world’s hotspots for hunger and poverty are concentrated in the arid, 
semiarid, and dry subhumid regions of the world. There, water is a key challenge for 
food production due to the extreme variability of rainfall, long dry seasons, and recur-
rent droughts, floods, and dry spells. These regions cover some 40% of the world’s land 
area and host roughly 40% of the world’s population. The water challenge in these 
rainfed areas is to enhance yields by improving water availability and the water uptake 
capacity of crops. 
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Investments in rainfed agriculture have large payoffs in yield improvements and poverty 
alleviation through income generation and environmental sustainability. This is an important 
conclusion of the Comprehensive Assessment of Water Management in Agriculture, given 
that rainfed agriculture, particularly in the world’s most water-challenged regions, is a risky 
business, with current yields generally less than half of those in irrigated systems and in 
temperate regions where water risks are much lower.
The key challenge is to reduce water-related risks posed by high rainfall variability rather 
than coping with an absolute lack of water. There is generally enough rainfall to double and 
often even quadruple yields in rainfed farming systems, even in water-constrained regions. 
But it is available at the wrong time, causing dry spells, and much of it is lost. Apart from 
water, upgrading rainfed agriculture requires investments in soil, crop, and farm manage-
ment. However, to achieve these, rainfall-related risks need to be reduced, which means 
that investments in water management are the entry point to unlock the potential in 
rainfed agriculture.
A new era of water investments and policy is required for upgrading rainfed agriculture. 
The focus of the past 50 years on managing rainfall in farmers’ fields, through soil and 
water conservation, cannot alone reduce the risk of frequent dry spells. Needed are invest-
ments in water resources management in smallholder rainfed farming systems that add new 
freshwater through local management of rainfall and runoff. Upgrading rainfed agriculture 
thus involves investments in the continuum between rainfed and irrigated agriculture.
The Comprehensive Assessment shows that the potential for improving water productiv-
ity is particularly high in smallholder rainfed agriculture, with water savings of 15%–20% 
already possible over the coming decade. Such large water savings are possible because water 
productivity is very low in rainfed agriculture in poverty-stricken rural areas. Small invest-
ments (providing 1,000 cubic meters of extra water per hectare per season) for supple-
mental irrigation in combination with improved soil, nutrient, and crop management can 
more than double water productivity and yields in small-scale rainfed agriculture.
Investments in rainfed agriculture can improve environmental sustainability. Expansion 
of land under agriculture, particularly rainfed crops and grazing, is a key driver of the 
severe degradation of ecosystem services over the past 50 years. Poor management of rain-
water in rainfed systems generates excessive runoff, causing soil erosion and poor yields 
due to a shortage of soil moisture. Investments to maximize rainfall infiltration and the 
water-holding capacity of soils minimize land degradation while increasing the water avail-
able in the soil for crop growth. This will result in improvements in the quality of natural 
ecosystems and of water in aquatic ecosystems. 
There is an urgent need for widening the policy scope to include explicit strategies for wa-
ter management in rainfed agriculture, including grazing and forest systems. Policy on water 
resources management for agriculture remains focused on irrigation, while the framework 
for integrated water resources management at watershed and basin scales concentrates pri-
marily on allocation and management of blue water in rivers, groundwater, and lakes. 
What is needed is effective integration that focuses on investment options for water man-
agement across the continuum from rainfed to irrigated agriculture. Now is the time to 
abandon the sectoral divide between irrigated and rainfed agriculture and to place water 
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resources management and planning more centrally in the policy domain of agriculture 
at large. The current focus on water resources planning at the river basin scale does not 
put enough emphasis on water management in rainfed agriculture, which overwhelmingly 
occurs below the river basin scale, on farms of less than 5 hectares (ha), at the scale of 
small catchments. Therefore, an equally strong focus is needed on managing water at the 
watershed level and at the basin scale. This shift in focus opens up space for much needed 
investments in water resources management in rainfed agriculture.
Even where the potential gains from water investments in rainfed agriculture are greatest, 
improving water management alone is not enough to achieve significant and sustainable increases 
in yield. At the farming systems level full response to water investments is achievable only 
if other production factors, such as soil fertility, crop varieties, and tillage practices, are im-
proved simultaneously. Important yield improvements can be achieved through synergies, 
particularly when water management is linked to organic fertilization from agroforestry and 
livestock systems, for example. Attention to land tenure, water ownership, and market ac-
cess is also needed to ensure the full benefits from water management interventions.
The knowledge already exists to at least double yields in rainfed agriculture, even where 
water poses a particular challenge: the key is adaptation and adoption strategies. Needed for 
success are human capacity building and stronger institutions. Due to the general percep-
tion that water takes care of itself in rainfed systems, the emphasis has been on on-farm 
management of soil, plants, trees, and animals. Thus, farmers in many regions of the world 
still practice rainfed farming with no explicit water management strategies. Investments 
are needed in institutional and human capacities to plan and manage water for rainfed ag-
riculture at the catchment scale, where local runoff water resources can be diverted, stored, 
and managed. The Comprehensive Assessment has found that while many countries have 
written off rainfed agriculture in arid, semiarid, and dry subhumid areas as marginal with 
limited potential, and invested little in institutional and human capacities to support water 
investments by farmers, other countries have invested in tapping the potential that lies in 
the availability of an adequate but erratic water resource provided by the rain.
Major water investments required in rainfed 
agriculture 
When it comes to ensuring food security for all, two major water realities face humankind. 
Rainfed agriculture will continue to produce the bulk of the world’s food. And water produc-
tivity is very low in rainfed agriculture, thus providing significant opportunities for produc-
ing more food with less freshwater. Rainfed agriculture is practiced in 80% of the world’s 
physical agricultural area and generates 62% of the world’s staple food (FAOSTAT 2005). 
Addressing malnourishment and poverty requires a new green revolution (Conway 
1997) in small-scale rainfed agriculture in arid, semiarid, and dry subhumid regions of 
the world (Falkenmark and Rockström 2004). A key to success is to invest in the often 
untapped potential of upgrading rainfed agriculture through integrated water investments. 
The Comprehensive Assessment indicates that water investments in rainfed agriculture 
are required to attain the Millennium Development Goals, as most hungry people live in 
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regions subject to frequent water stress and extreme water shocks, such as droughts, floods, 
and dry spells (short periods of water stress during critical growth stages).
Water management to upgrade rainfed agriculture encompasses a wide spectrum, 
from water conservation practices for improving rainwater management on the farmer’s 
field to managing runoff water (surface and subsurface) for supplying supplemental irriga-
tion water to rainfed food production. There is no clear demarcation between rainfed and 
irrigated systems (see conceptual framework annex). This chapter addresses water manage-
ment in all agricultural systems where direct rainwater is the main water source for crop 
production. It describes the major trends, drivers, and current conditions for key water 
management challenges facing rainfed agriculture from the perspectives of water produc-
tivity, wealth creation and poverty eradication, and environmental sustainability. While 
applying a global outlook, the chapter focuses on temperate and tropical arid, semiarid, 
and dry subhumid regions in developing countries, regions where rainfed farming systems 
and agriculture-based livelihoods are common, where water stress–related constraints in 
agriculture are concentrated, and where rural poverty and malnourishment are greatest. 
Since the most unreliable and often scarce resource in agricultural production in these 
areas is soil moisture for plant growth (“green water”), the challenge is to enhance the 
availability and productivity of water used for biomass production.
The chapter first details the gaps in the management of water under rainfed systems. 
It then evaluates opportunities for investment in managing water in rainfed systems to-
gether with evidence on the potential returns on these investments with respect to liveli-
hoods and environmental sustainability. The final section assesses the policy shifts needed 
to support the necessary investments.
Most food is produced in rainfed agriculture 
The importance of rainfed agriculture varies regionally, but most food for poor communi-
ties in developing countries is produced in rainfed agriculture. Some 93% of farmed land 
is rainfed in Sub-Saharan Africa, 87% in Latin America, 67% in the Near East and North 
Africa, 65% in East Asia, and 58% in South Asia (FAO 2002). Most countries depend 
primarily on rainfed agriculture for their grain food.
Yield increase is the key to future food production from rainfed agriculture. In the 
past 40 years agricultural land use has expanded 20%–25%, contributing approximately 
30% of the overall growth in grain production during the period (FAO 2002; Ramankut-
ty, Foley, and Olejniczak 2002). The remaining yield gains originated from intensification 
through yield increases per unit of land area. However, regional variation is large, as are 
the differences between irrigated and rainfed agriculture. In developing countries rainfed 
grain yields are on average 1.5 metric tons per hectare, compared with 3.1 metric tons per 
hectare for irrigated yields (Rosegrant and others 2002), and increases in production from 
rainfed agriculture have originated mainly from land expansion. 
Trends differ by region. Sub-Saharan Africa, with 97% rainfed production of staple 
cereals such as maize, millet, and sorghum, has doubled cultivated cereal area since 1960, 
while yield per unit of land has barely changed (figures 8.1 and 8.2; FAOSTAT 2005). 
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figure 8.1 Yields vary widely by region for predominantly rainfed maize…
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figure 8.2 …and for wheat
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South Asia has experienced a major shift from more drought-tolerant low-yielding crops 
such as sorghum and millet, to wheat and maize, for which area planted and yield per unit 
of land have doubled since 1961 (FAOSTAT 2005). In Latin America and the Caribbean 
area expansion of 25% in the last 40 years has been less than the gain in yield per unit of 
land (FAOSTAT 2005). In many predominantly rainfed regions of the world grain yields 
have doubled or tripled during the same period (see figures 8.1 and 8.2).
Rainfed maize yields differ substantially across regions from just over 1 metric ton per 
hectare in Sub-Saharan Africa to 3 metric tons per hectare in Latin America and the Car-
ibbean (see figure 8.1). By comparison, in the United States and Europe, yields are 7–10 
metric tons per hectare. Similar variation is found for wheat (see figure 8.2). In view of 
these regional differences in yield development there appears to be significant potential for 
boosting yields in rainfed agriculture, particularly in South Asia and Sub-Saharan Africa.
Rainfed agriculture—large untapped potential. In several regions of the world rainfed agri-
culture has some of the highest yields. These are predominantly temperate regions, with rela-
tively reliable rainfall and inherently productive soils. But even in tropical regions, particularly 
in subhumid and humid zones, agricultural yields in commercial rainfed agriculture exceed 
5–6 metric tons per hectare (Rockström and Falkenmark 2000; Wani and others 2003a, b). 
At the same time the dry subhumid and semiarid regions have experienced the lowest yields 
and weakest yield improvements per unit of land. Yields for rainfed agriculture are in the range 
of 0.5–2 metric tons per hectare, with an average of 1 metric ton per hectare in Sub-Saharan 
Africa, and 1–1.5 metric tons per hectare in South Asia and Central and West Asia and North 
Africa (Rockström and Falkenmark 2000; Wani and others 2003a, b).
Analyses by the Comprehensive Assessment of major rainfed crops in semiarid re-
gions in Africa and Asia and rainfed wheat in North Africa and West Asia reveal large yield 
gaps, with farmers’ yields being 2–4 times lower than achievable yields for major rainfed 
crops (figure 8.3). Historic trends show a growing yield gap between farmers’ practices and 
farming systems that benefit from management advances (Wani and others 2003a).
Upgrading rainfed agriculture—a key to poverty reduction?
Rainfed agriculture generates most of the food in the world [well established] and plays 
a key role in poverty reduction [established but incomplete]. A majority of poor people in 
the world are dependent on rainfed agriculture for food, incomes, and thus livelihood 
security [established but incomplete]. The importance of rainfed sources of food weighs 
disproportionately on women, who make up some 70% of the world’s poor (WHO 2000). 
Agriculture plays a key role in economic development (World Bank 2005) and poverty 
reduction (Irz and Roe 2000), with every 1% increase in agricultural yields translating into 
a 0.6–1.2 percentage point decrease in the absolute poor by some estimates (Thirtle and 
others 2002). In Sub-Saharan Africa agriculture accounts for 35% of GDP and employs 
70% of the population (World Bank 2000), and more than 95% of the agricultural area is 
rainfed (box 8.1; FAOSTAT 2005). 
There is a correlation between poverty, hunger, and water stress (Falkenmark 1986). 
The UN Millennium Project (2005) has identified “hotspot” countries suffering from the 
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highest prevalence of malnutrition. These countries coincide closely with those that con-
tain the major semiarid and dry subhumid hydroclimates in the world (savannahs and 
steppe ecosystems), where rainfed agriculture is the dominant source of food and where 
water constitutes a key limiting factor to crop growth (map 8.1; SEI 2005). Nearly all of 
the world’s 850 million undernourished people live in poor developing countries, which 
are located predominantly in tropical regions (FAO 2004b).
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Source: Analysis done for the Comprehensive Assessment of Water Management in Agriculture.
figure 8.3
Observed gaps for major grains are large between 
farmers’ yields and achievable yields for selected 
African, Asian, and Middle Eastern countries 
Agriculture, the sector in which a large majority of poor people in Africa make their living, is the engine 
of overall economic growth and, therefore, of broad-based poverty reduction (Johnston and Mellor 
1961; World Bank 1982; Timmer 1988; Abdulai and Hazell 1995; IFAD 2001; DFID 2002; Koning 
2002). Recent international reports have reaffirmed this conclusion, which is based on analysis of 
the historical development paths of countries worldwide (IAC 2004; Commission for Africa 2005; UN 
Millennium Project 2005). Higher farm yields enhanced producer incomes, in cash and in kind, and 
created demand for agricultural labor. Thus, agricultural growth typically preceded economic growth 
in the high-income industrial countries and the more recent growth in the Asian Tigers such as Indo-
nesia, Malaysia, Thailand, Viet Nam, and parts of China.
Source: van Koppen, Namara, and Stafilios-Rothschild 2005.
box 8.1 Agricultural growth is an underlying factor for economic growth
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Lack of focus on water management has led to missed 
opportunities
Increasingly, evidence shows that the amount of water is not the key limiting factor for 
improved yields, even in so-called drylands (Klaij and Vachaud 1992; Agarwal 2000; Wani 
and others 2003b; Hatibu and others 2003) [established but incomplete]. Savannah regions 
have rainfall levels that sometimes exceed rainfall in the temperate zone—500–1,000 mil-
limeters (mm) per growing season compared with 500–700 mm per growing season for 
temperate regions. Instead, the major water-related challenge for rainfed agriculture in 
semiarid and dry subhumid regions is the extreme variability in rainfall, characterized by 
few rainfall events, high-intensity storms, and high frequency of dry spells and droughts. 
It is therefore critical to understand how hydroclimatic conditions and water management 
affect yields in rainfed agriculture.
Water availability has shaped rainfed agriculture. Farming systems have adapted to 
hydroclimatic gradients, from pastoral systems in arid environments to multiple-cropping 
systems in humid agroecosystems (table 8.1). Though based on the same fundamental prin-
ciples across the world, farming systems also exhibit variations based in history and culture 
that result in differences in crops, tillage systems, and soil and water management systems.
 Even if rainfed agriculture can be categorized generically, it is critical to distinguish 
among hydroclimatic zones, which vary widely from a few hundred millimeters of rainfall 
per year to more than 1,000 mm, with aridity index values ranging from below 0.2 to 
map 8.1
Undernutrition is high in semiarid and dry subhumid climates 
subject to variable rainfall, dry spells, and droughts 
(Undernourished as share of total population, 2001/02)
Note: Semiarid and dry subhumid hydroclimates include savannah and steppe agroecosystems. These regions are dominated 
by sedentary farming subject to the world’s highest rainfall variability and occurrence of dry spells and droughts.
Source: UNStat 2005.
Less than 5% 5%–20% 20%–35% More than 35%
Koeppen climate zones  
     savannahs/steppes
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Arid Semiarid
Temperate Tropical Temperate Tropical
Area (%) 0.5 4.0 2.6 13.0
Population (%) 2.5 9.5 5.6 11.7
Major  
production 
constraints
Precipitation 
amount
Precipitation 
distribution
Soil chemistry
■
■
■
Precipitation amount
Precipitation 
 distribution 
Potential greater 
than actual 
 evapotranspiration 
Soil chemistry
■
■
■
■
Precipitation 
amount
Precipitation 
distribution
Temperature
■
■
■
Precipitation amount
Precipitation distribution
Precipitation intensity
Potential greater than actual 
evapotranspiration
Soil physiology and chemistry
■
■
■
■
■
Hotspots West Asia
North Africa
■
■
Sub-Saharan Africa
Northeast Brazil
Mexico
■
■
■
Central and West 
Asia
North Africa
Southern Europe
Mongolia
Northern China
■
■
■
■
■
Sub-Saharan Africa
South Asia
Northeast Brazil
Southern China
■
■
■
■
Ecosystem gradient Desert
Desert shrubland
■
■
Desert■ Steppe
Grassland
■
■
Grassland
Savannah 
Parkland savannah
■
■
■
Typical rainfed 
farming systems
Pastoral
Rainfed winter 
crop
■
■
n.a. Pastoral
Rainfed winter 
crop
Rainfed mixed
■
■
■
Pastoral
Rainfed cereal, mixed, 
rice-wheat
■
■
Subhumid Humid
Temperate Tropical Temperate Tropical
Area (%) 7.3 9.0 19.3 41.9
Population (%) 5.7 7.1 9.2 26.8
Major  
production 
constraints
Precipitation 
distribution
Temperature
■
■
Precipitation 
 distribution
Precipitation intensity
Soil physiology and 
chemistry
■
■
■
Temperature■ Precipitation intensity■
Hotspots Central Asia■ Sub-Saharan Africa
South Asia
Southeast Asia
Latin America
■
■
■
■
Southeast Asia■
Ecosystem gradient Steppe
Shrubland
Forest
■
■
■
Parkland savannah
Woodland savannah
■
■
Forest■ Forest
Rain forest
■
■
Typical rainfed  
farming systems
Rainfed winter 
crop
Rainfed mixed
■
■
Rainfed cereal
Rainfed mixed
Rice-wheat
■
■
■
n.a. Rainfed rice-wheat■
n.a. is not available
Note: Climate is defined according to the aridity index: precipitation/potential evapotranspiration less than 0.2 arid (including hyperarid); 0.2 
to less than 0.5 semiarid; 0.5 to less than 1 subhumid; more than 1 humid (Deichmann and Eklundh 1991). Temperature classification follows 
FAO/IIASA (2000) climatic zones, with temperate meaning at least one month with monthly mean temperatures, corrected to sea level, below 
5° Celsius (C) and four or more months above 10°C, and tropical and subtropical as all months with monthly mean temperatures, corrected 
to sea level, above 18°C, and one or more months with monthly mean temperatures, corrected to sea level, below 18°C but above 5°C.
Source: Compiled for the Comprehensive Assessment of Water Management in Agriculture using population data from LandScan (2004) and 
aggregated farming systems classification as defined by Dixon, Gulliver, and Gibbon (2001).
table 8.1
Classification of hydroclimatic zones by aridity index, 
typical agricultural land use, and ecosystem gradients
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more than unity. Key constraints to rainwater productivity (total amount of rainfall per 
grain yield) will differ greatly across this wide range of rainfall zones. In the arid regions it 
is the absolute amount of water that constitutes the major limiting factor in agriculture. In 
the semiarid and dry subhumid tropical regions seasonal rainfall is generally adequate to 
significantly improve yields, and managing extreme rainfall variability over time and space 
is the largest water challenge. Only in the dry semiarid and arid zones, even when consider-
ing the standard deviation around the mean, is absolute water stress common (figure 8.4). 
In the wetter part of the semiarid zone and into the dry subhumid zone, rainfall generally 
exceeds crop water needs.
 Thus, the large observed differences between farmers’ yields and attainable yields 
cannot be explained by differences in rainfall. Rather, they are a result of differences in 
water, soil, and crop management. In a global analysis of more than 100 agricultural devel-
opment projects, Pretty and Hine (2001) found that in projects that focused on improving 
rainfed agriculture, yields doubled on average and often increased several hundred percent. 
This illustrates the large potential for investments in upgrading rainfed agriculture.
Meteorological and agricultural droughts: water stress in agriculture is often human 
induced. Though the absolute amount of water scarcity is rarely the major problem for 
rainfed agriculture, water scarcity is a key reason behind low agricultural productivity. To 
identify management options for upgrading rainfed agriculture, it is essential to assess 
different types of water stress in food production. Especially important is distinguishing 
between climate- and human-induced water stress and between droughts and dry spells 
(table 8.2). In semiarid and dry subhumid agroecosystems rainfall variability generates dry 
spells (short periods of water stress during critical growth stages) almost every rainy season 
(Barron and others 2003). Meteorological droughts (periods of inadequate rainfall to grow 
a crop), by contrast, occur on average only once every decade in moist semiarid regions 
and up to twice every decade in dry semiarid regions. Investments in water management 
can bridge dry spells, which generally last two to four weeks (Barron and others 2003). 
Meteorological droughts cannot be bridged through agricultural water management and 
instead require social coping strategies, such as cereal banks, relief food, local food storage, 
and livestock sales. 
Even in regions with low variability in rainfall, not all of the rain reaches farmers’ 
fields as soil moisture. In general, only 70%–80% of the rainfall is available to plants as 
soil moisture, and on poorly managed land the share of plant-available water can be as 
low as 40%–50% (Falkenmark and Rockström 2004). This leads to agricultural dry spells 
and droughts, which are due primarily to management-related problems with the on-farm 
water balance and are thus an indicator of large opportunities to improve yields through 
better water management.
Agarwal (2000) argues that India would not have to suffer from droughts if local water 
balances were better managed. Even during drought years better rainfall management has 
benefited Indian farmers; villages benefiting from watershed management projects increased 
food production and market value by 63% compared with those without such projects 
(Wani and others 2006b). In Malawi over the past three decades only a few of the years that 
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Dry spell Drought
Meteorological
Frequency Two out of three years One out of ten years
Impact Yield reduction Complete crop failure
Cause
Rainfall deficit of two- to five-week periods 
during crop growth
Seasonal rainfall below minimum seasonal 
plant water requirement
Agricultural
Frequency More than two out of three years One out of ten years
Impact Yield reduction or complete crop failure Complete crop failure
Cause
Low plant water availability and poor plant 
water uptake capacity
Poor rainfall partitioning, leading to seasonal 
soil moisture deficit for producing harvest 
(where poor partitioning refers to a high 
proportion of runoff and nonproductive 
evaporation relative to soil water infiltration 
at the surface)
Source: Falkenmark and Rockström 2004.
table 8.2
Types of water stress and underlying causes in 
semiarid and dry subhumid tropical environments
0 0.5 1 1.50.65
Rainfall
Minimum crop water need
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Note: The ecosystem gradient is shown as the aridity index (ratio of annual precipitation to annual potential 
evapotranspiration). The range in total rainfall is expressed as plus or minus one standard deviation. 
Source: Minimum crop water need is estimated from Doorenbos and Pruitt (1992) and adjusted for aridity index.
figure 8.4
Range of rainfall variability across hydroclimatic 
zones from arid to humid agroecosystems
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were politically proclaimed to be drought years actually suffered meteorological droughts 
(Mwale 2003). Glantz (1994) has pointed out that agricultural droughts, caused primarily 
by a poorly performing water balance, are more common than meteorological droughts. 
Why is drought so commonly blamed when there are famines and food shortages? 
The answer is that even if there is no shortage of rain, crops may suffer from drought in the 
root zone. Often, land degradation and poor management of soil fertility and crops are the 
major causes of “droughts.” These are referred to as agricultural droughts when available 
water as rainfall is not fully used for plant growth. 
Evidence from water balance analyses on farmers’ fields around the world shows that 
only a small fraction of rainfall (generally less than 30%) is used as productive green water 
flow (plant transpiration) supporting plant growth (Rockström 2003). In Sub-Saharan 
Africa this varies from 15% to 30% of rainfall, even in regions generally perceived as water 
scarce (figure 8.5). On severely degraded land or land where yields are lower than 1 met-
ric ton per hectare, as little as 5% of rainfall may be used productively to produce food. 
In arid areas typically as little as 10% of rainfall is consumed as productive green water 
flow, with most of the remainder going to nonproductive evaporation flow (Oweis and 
Hachum 2001). For temperate arid regions, such as North Africa and West Asia, a larger 
portion of the rainfall is generally consumed in the farmers’ fields as productive transpira-
tion (45%–55%) as a result of higher yield levels (3–4 metric tons per hectare compared 
with 1–2 metric tons per hectare). Still, 25%–35% of the rainfall flows as nonproductive 
evaporation, with only some 15%–20% generating blue water flow (runoff).
Rainfall = 100%
Soil
moisture 
content
Drainage = 10%–30%
Runoff = 
10%–25%
Nonproductive 
evaporation = 
30%–50%
Transpiration = 
15%–30%
figure 8.5
Rainfall partitioning in the semiarid tropics indicating 
rainfall losses from the farm scale through drainage, 
surface runoff, and nonproductive evaporation
Evidence from 
water balance 
analyses on 
farmers’ fields 
around the 
world shows 
that generally 
less than 30% 
of rainfall is 
used as plant 
transpiration 
supporting plant 
growth 
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Many factors limit yields in rainfed agriculture. Often, soil fertility is the limiting factor 
(Stoorvogel and Smaling 1990). Soil degradation, through nutrient depletion and loss of 
organic matter, causes serious yield decline closely related to water determinants. It affects 
water availability for crops through poor rainfall infiltration and plant water uptake due 
to weak roots. Nutrient mining is a serious problem in smallholder rainfed agriculture, 
particularly in Sub-Saharan Africa. An estimated 85% of African farmland experienced a 
loss of more than 30 kilograms per hectare of nutrients annually in 2002–04 (Henao and 
Baanante 2006).
Investments in soil fertility directly improve water management. In India watershed 
management trials in more than 300 villages found that subsistence farming practices had 
depleted soils not only of macronutrients but also of such micronutrients as zinc and boron 
and secondary nutrients such as sulphur beyond critical limits. When both micronutrients 
and adequate nitrogen and phosphorus were applied, crop yields increased substantially 
for a number of rainfed crops (maize, sorghum, mung bean, pigeonpea, chickpea, castor, 
and groundnut) (Rego and others 2005). Rainwater productivity for maize, groundnut, 
greengram, castor, and sorghum increased 70%–100% as a result of the micronutrient 
amendment, and net economic returns were 1.5–1.75 times higher (Rego and others 
2005). Similarly, rainwater productivity increased significantly when integrated land and 
water management options were adopted along with the use of improved cultivars in semi-
arid regions of India (Wani and others 2003b).
What can be produced on farms will not always be produced, however, especially by 
resource-poor small-scale farmers. The farmers’ reality is influenced by other constraints 
such as labor shortages, insecure land ownership, capital constraints, and limitations in 
human capacities. All these factors affect how farming is done, in terms of the timing of 
operations, the effectiveness of farm operations, investments in fertilizers and pesticides, 
use of improved crop varieties, and water management. What is produced in the field is 
thus strongly affected by social, economic, and institutional conditions.
Risks are high and will increase with climate change. Rainfall is concentrated in 
short rainy seasons (3–5 months), with a few intensive rainfall events that are unreli-
able in temporal distribution and with high deviations from the mean (coefficients of 
variation as high as 40% in semiarid regions; Wani and others 2004). Even if water is 
not always the key limiting yield factor, rainfall is the only truly random agricultural 
production factor. 
The temporal and spatial variability of climate, especially rainfall, is a major con-
straint to yield improvements, competitiveness, and commercialization of rainfed crops, 
tree crops, and livestock systems in most of the tropics. The high risk for water-related 
yield loss makes farmers risk averse, influencing their other investment decisions, includ-
ing labor, improved seed, and fertilizers [established but incomplete]. Smallholder farmers 
are usually aware of the effects of the shortage and variability of soil moisture on the vari-
ety, quantity, and quality of production, leading to a narrow range of options for commer-
cialization. Combined with the fluctuations in yields, this makes it hard for resource-poor 
men and women in semiarid areas to respond effectively to opportunities made possible by 
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emerging markets, trade, and globalization. Management options should therefore start by 
focusing on reducing rainfall-induced risks.
Evidence is emerging that climate change is increasing rainfall variability and the 
frequency of extreme events such as drought, floods, and hurricanes (IPCC 2001). In 
a recent study of rainfed cereal potential under different climate change scenarios and 
varying rainfall, losses of rainfed production potential in the most vulnerable develop-
ing countries was predicted under most scenarios. Losses were estimated at 10%–20% of 
production area, with some 1–3 billion people possibly affected in 2080 (Fischer, Shah, 
and van Velthuizen 2002). In particular, Sub-Saharan Africa is estimated to lose 12% of its 
cultivation potential, mostly in the Sudan-Sahelian zone, which is already subject to high 
climate variability and adverse crop conditions. Because of the risk associated with climate 
variability, smallholder farmers generally (and rationally) prefer to reduce the risk of crop 
failure due to dry spells and drought before investing in soil fertility, improved crop varie-
ties, and other yield-enhancing inputs (Hilhost and Muchena 2000).
Large new investments needed in water management in rainfed 
agriculture
The largest amount of new consumptive water use in crop production needed to attain the 
Millennium Development Goal for reducing hunger (more than 900 cubic kilometers a 
year; see chapter 3 on scenarios) will have to take place on current farmland through invest-
ments in upgrading rainfed agriculture or on land converted from natural ecosystems and 
grazing lands to agriculture. Land conversion would correspond to an expansion of rainfed 
agriculture of at least 70 million hectares, and possibly much more (see chapter 3).
Closing basins (when more water is being used than is environmentally desirable or 
renewably available) leave fewer degrees of freedom for blue water development and may 
redirect attention to green water flows upstream, before rainfall turns into blue runoff flow. 
Even with expansion of agricultural land, development of irrigated agriculture, and signifi-
cant improvements in green water productivity, rainfed agriculture will have to shoulder 
the largest burden of providing food in developing countries, and large water investments 
are required for success. This calls for increased efforts to upgrade rainfed systems. 
At the same time, even with improvements in water productivity, investments in 
upgrading rainfed agriculture, including technologies such as small-scale supplemental ir-
rigation and conservation agriculture (as described later), will result in the capture of local 
blue water resources and an increased consumption of green water. Thus, tradeoffs with 
downstream users and ecosystems will have to be assessed.
The challenges of broadening the reach of investments and policies 
Past investments in agricultural research in savannah agroecosystems have been disappoint-
ing (Seckler and Amarasinghe 2004). One reason is the lack of focus on water resources 
management in rainfed agriculture. Instead, the focus over the past 50 years at the farm 
level has been mainly on crop research, soil conservation, and to a lesser extent in-situ wa-
ter conservation (maximizing rainfall infiltration) through various strategies of terracing, 
bunding, and ridging. 
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Failure of innovation to achieve widespread adoption. Upgrading rainfed agriculture 
requires that technologies be adapted to local biophysical and sociocultural conditions and 
that institutional and behavioral transformations accompany the technological changes 
(Harris, Cooper, and Pala 1991; van Duivenbooden and others 2000). As researchers have 
noted, it is difficult to assess the impact of natural resources management interventions 
using the econometric methods applied for assessing the impact of commodity-based in-
terventions (Shiferaw, Freeman, and Swinton 2004).
Social and ecological crises often spur the adoption of new ways of thinking and of 
system transformation [established]. The adoption of conservation agriculture in several 
parts of the world was driven by crises—in the United States as a response to the Dust 
Bowl in the 1930s, in parts of Latin America as a response to an agrarian yield crisis, and 
in Zambia as a response to droughts. Recent widespread adoption of soil and water man-
agement practices in Burkina Faso and Niger forms part of a response to crisis-related land 
degradation and possible climate change [established but incomplete].
There are many challenges to investments in rainfed agriculture. Large numbers of 
households are small, with marginal farmers. Most rainfed areas have poor infrastructure facil-
ities because large investments have historically tended to go to high-potential irrigated areas. 
Local institutions engaged in agricultural development and extension have limited capacity to 
promote rainwater management. This knowledge-intensive extension effort suffers from lim-
ited information of the options available, social and economic constraints to adoption, lack of 
enabling environments and backup services, poor market linkages, and weak infrastructure.
Focus on blue water has led to weak policies for water investments in rainfed agri-
culture. One result of the historic focus on blue water in agricultural policy is a legacy of 
weak water governance and policies for rainfed agricultural development. Water resources 
management is normally governed under ministries for water affairs and focuses on devel-
oping and allocating water for large-scale irrigation, drinking water, and hydropower. This 
has resulted in a downstream focus, with upper catchment areas, where rainfed agricul-
ture is generally practiced, being seen primarily as runoff or blue water–generating zones. 
Ministries of agriculture have focused on the “dry” parts of agricultural development and 
tended to give priority to erosion control over water management in general (box 8.2). 
Thus, although proven knowledge for better management of rainwater exists, investments 
for turning this knowledge into innovations in governance, policy, institutions, practices, 
and technologies to support smallholder farmers have been very limited.
Recently, management of green water resources and other investments to upgrade 
rainfed agriculture have begun to receive increased priority from state and central gov-
ernments (see box 8.2). Important efforts have been made under watershed develop-
ment programs in India, for example. Originally, these programs were implemented by 
different ministries (Agriculture, Rural Development, Forestry) making integrated water 
management difficult. Recently, steps were taken to unify the program (Wani and others 
2006b). In 2005 the National Commission on Farmers adopted an integrated watershed 
 management approach, with a focus on harvesting rainwater and improving soil health for 
sustainable development of drought-prone rainfed areas (India 2005).
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There is thus growing evidence of the importance of water investments in rainfed 
agriculture and of the gradual redirection of water governance and management toward 
upgrading rainfed agriculture as a key strategy for reducing poverty and increasing agri-
cultural production. It is further becoming increasingly clear that water management for 
rainfed agriculture requires a landscape perspective and involves cross-scale interactions 
from farm households to watersheds.
Investing in rainfed agriculture to improve 
livelihoods and environmental sustainability
Although proven knowledge for better management of rainwater exists, investments in 
turning this knowledge into innovations in governance, policy, institutions, practices, 
In Kenya, Tanzania, and Uganda national food security is achieved largely by smallholder farmers in 
rainfed agricultural-livestock systems. Population growth rates are high, and land for agricultural ex-
pansion is no longer abundant. Traditionally, national water management has been the responsibility 
of different ministries—agriculture, water, environment, tourism, and energy—with adverse impacts 
on local strategies to improve water management for cultivation and food production. A review by 
the Comprehensive Assessment of water and food policy-related documents in Kenya, Tanzania, and 
Uganda found that there was no clear policy on rainwater harvesting for agricultural production to 
improve food security among the rural poor. 
Tanzania implemented a major soil and water conservation program in the semiarid central part of 
the country in 1973–95. An evaluation in 1995 noted several weaknesses of the program, including 
these (Hatibu and others 1999):
The program was oriented toward the land rather than the people in the project area.
The work on croplands focused on water runoff disposal and addressed rainwater productivity 
only in marginal ways.
Key extension messages were quite conventional (improved seed, row planting), and soil-water 
conservation did not figure prominently among the messages. 
There should have been more emphasis on rainwater management than on erosion control con-
sidering that shortage of soil moisture was the bigger problem for crop yields in the dry land of 
central Tanzania.
On-farm soil and water conservation measures promoted by the project have done very little to 
increase land productivity.
The strategy needs to shift from a narrow focus on erosion control to a broader, holistic land hus-
bandry approach.
The 2002 National Water Policy in Tanzania sets a goal of making more water available to rural com-
munities through rainwater harvesting technologies (Tanzania Ministry of Agriculture and Food Security 
2002). The Agricultural Sector Development Strategy recognizes integrated soil-water management as 
the solution to the drought problems of semiarid areas (Tanzania Ministry of Agriculture and Food Security 
2001). This comprehensive program includes integrated soil and water conservation, rainwater harvesting 
and storage, irrigation, and drainage. As a result, rainwater harvesting forms an important part of the na-
tional irrigation master plan adopted in 2003 (Tanzania Ministry of Agriculture and Food Security 2003).
■
■
■
■
■
■
box 8.2 Water was often left out in soil and water conservation programs
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and technologies to support smallholder farmers have been limited. Opportunities within 
rainfed systems include increasing the productivity of green water depleted in rainfed sys-
tems and increasing yields in rainfed systems by capturing more soil moisture for plant 
water uptake. Taking advantage of both opportunities requires large investments in rainfed 
agriculture. While the focus here is on management options at the farm level to upgrade 
rainfed agriculture, the required policy, governance, and market strategies have to operate 
at a higher scale, from the watershed to national and regional levels.
Investing in water management in rainfed agriculture
There are several rainwater management strategies to improve crop yields and green water 
productivity (table 8.3; Critchley and Siegert 1991). One set of strategies aims at maxi-
mizing plant water availability in the root zone (maximizing the green water resource) 
through practices that reduce surface runoff (blue water flow) and that redirect upstream 
runoff to the farm (local storage of blue water for supplemental irrigation). A second set 
aims at maximizing plant water uptake capacity, which involves crop and soil manage-
ment practices that increase root water uptake (and thus minimize drainage to the water 
table). There is a wide spectrum of integrated land and water management options to 
achieve these aims. Some focus on increasing water productivity, such as mulch practices, 
drip irrigation techniques, and crop management to enhance canopy cover, while most 
aim at improving crop production by capturing more water (water productivity increases 
Aim
Rainwater manage-
ment strategy Purpose Management options
Increase plant 
water availability
External water 
 harvesting systems
Mitigate dry spells, protect 
springs, recharge groundwater, 
enable off-season irrigation, 
permit multiple uses of water 
Surface microdams, subsurface 
tanks, farm ponds, percolation 
dams and tanks, diversion and 
recharging structures
In-situ water-
harvesting systems, 
soil and water 
conservation
Concentrate rainfall through 
runoff to cropped area or 
other use
Bunds, ridges, broad-beds and 
furrows, microbasins, runoff 
strips
Maximize rainfall infiltration
Terracing, contour cultivation, 
conservation agriculture, dead 
furrows, staggered trenches
Evaporation 
 management
Reduce nonproductive 
evaporation 
Dry planting, mulching, 
conservation agriculture, 
intercropping, windbreaks, 
agroforestry, early plant vigor, 
vegetative bunds
Increase plant 
water uptake 
capacity Integrated soil, 
crop and water 
 management
Increase proportion of water 
balance flowing as productive 
transpiration
Conservation agriculture, dry 
planting (early), improved crop 
varieties, optimum crop geometry, 
soil fertility management, 
optimum crop rotation, 
intercropping, pest control, 
organic matter management
Source: Authors’ compilation.
table 8.3
Rainwater management strategies and corresponding 
management options to improve yields and water productivity
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simultaneously because the on-farm water balance is used more effectively) as crop pro-
duction increases.
The focus of the water management strategies discussed here is on water harvesting, 
because most of the new, innovative investment options are in this area. There is a particular 
emphasis therefore on external water-harvesting systems. Moreover, the description of in-situ 
water-harvesting techniques is limited to what has been assessed as a particularly promising 
avenue, namely conservation agriculture systems. A comprehensive assessment of in-situ soil 
and water-conservation methods is given in Liniger and Critchley (forthcoming).
Reinventing small-scale water harvesting. Rainwater harvesting (concentrating runoff 
from watersheds for beneficial use) was practiced in the Negev Desert as early as the 10th 
century (Evanari, Shanan, and Tadmor 1971). Encompassing any practice that collects run-
off for productive purposes (Siegert 1994), rainwater harvesting includes three components: 
a watershed area to produce runoff, a storage facility (soil profile, surface reservoirs, or 
groundwater aquifers), and a target area for beneficial use of the water (agriculture, domes-
tic, or industry). The classification varies depending on the spatial scale of runoff collection, 
from in-situ practices managing rain on farmland (often defined as water conservation) to 
external systems collecting runoff from watersheds outside the cultivated area (Oweis, Prinz, 
and Hachum 2001). Rainwater harvesting practices are further defined by storage strategies, 
from direct runoff concentration in the soil (photo 8.1) to collection and storage of water in 
structures (surface, subsurface tanks, and small dams; Fox and Rockström 2000).
In India water development policies aimed at large-scale water infrastructure and 
motorized pumping of surface and groundwater for agriculture resulted in the abandoning 
of a widespread historic water-harvesting legacy (Agarwal and Narain 1997) [established 
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Photo 8.1 Small-scale rainwater harvesting can bridge intraseasonal dry spells and stabilize food sup-
plies in periods of poor rainfall
Capturing 
local runoff 
upstream in 
water-harvesting 
systems 
addresses 
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frequent drought 
and prevailing 
poverty in upper 
watersheds
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but incomplete]. The situation is now changing. Watershed programs are being recognized 
as a potential engine for agricultural growth and development in fragile and marginal 
rainfed areas. Several factors explain the shift. Blue water investments are located mainly 
downstream in watersheds and basins, because they depend on the concentration of large 
volumes of stable runoff (in lakes and rivers). Large-scale irrigation therefore benefits pre-
dominantly downstream communities, while water harvesting offers an appropriate water 
management complement for agriculture for wide spatial coverage across watersheds and 
basins. Capturing local runoff upstream in water-harvesting systems addresses problems of 
frequent drought and prevailing poverty in upper watersheds.
Increasing and stabilizing yields through drought proofing and dry spell mitigation. 
Supplemental irrigation systems are external rainwater-harvesting systems that collect run-
off from watershed areas external to the cultivated land and add it to the rainfed cropland. 
These systems, developed in different parts of the world, collect runoff at different water-
shed scales and use various methods to store it. Supplemental irrigation is a key strategy, 
still underused, for unlocking rainfed yield potential and water productivity (box 8.3).
Since rainfall is the principal source of water for rainfed crops, supplemental irriga-
tion is applied only when rainfall fails to provide essential moisture for improved and 
stable production (photo 8.2). The amount and timing of supplemental irrigation, par-
ticularly in water-scarce areas, are not scheduled to provide moisture-stress-free conditions 
throughout the growing season but to ensure a minimum amount of water during critical 
stages of crop growth to permit optimal (in water use or in economic terms) rather than 
maximum yield (as limited by external conditions that cannot be influenced by manage-
ment). Supplemental irrigation systems can provide multiple irrigation opportunities dur-
ing the course of a rainy season (microdams can be filled and emptied several times) and 
can be used for full-scale off-season irrigation of small gardens for market crops such as 
vegetables (box 8.4).
The critical importance of supplemental irrigation lies in its capacity to bridge dry 
spells and thereby reduce risks in rainfed agriculture. In many farming systems supplemen-
tal irrigation provides the only strategy for dry spell mitigation in rainfed agriculture. In-situ 
management of rainwater, for example, through water conservation methods to increase 
rainfall infiltration, cannot provide plants with adequate water through dry spells long 
enough to cause water stress. Evidence indicates that supplemental irrigation of 50–200 mm 
(500–2,000 cubic meters per hectare) a season is sufficient to bridge critical yield-reducing 
dry spells and stabilize yield levels (Oweis 1997). Such small amounts can be collected using 
water in local springs, shallow groundwater, or conventional water resource schemes during 
the rainy season. By reducing risk, supplemental irrigation may provide the necessary incen-
tive for investments in other production factors such as crop varieties, fertilizer, labor, and 
tillage techniques and for diversification (staple food crops and cash crops).
Several studies have shown that supplemental irrigation systems are affordable and 
appropriate for single household or small community investments. A cost-benefit study 
on supplemental irrigation of maize-tomato cropping systems in Burkina Faso and Kenya 
found net profits of $73 and $390 per hectare annually, compared with net income losses 
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of $165 and $221 in traditional systems (Fox, Rockström, and Barron 2005). Moreover, 
the study found a strong mutual dependence between investments in supplemental irriga-
tion and fertilizers. Studies of supplemental irrigation of maize and cabbage using farm 
ponds in Kenya (Ngigi and others 2005a, b) and a rice-mustard cropping system in India 
(Panigrahi, Panda, and Agrawal 2005) also concluded that supplemental irrigation was an 
economically viable option for improving livelihoods of smallholder farmers. In general, 
When rainfall is scarce, supplemental irrigation can increase yields significantly compared with com-
pletely rainfed systems (figure 1), and in arid regions this increase can be substantial. In water-scarce 
regions deficit irrigation (only partly meeting plant water demand when adding water) may also be 
practiced. Experiments in arid regions show that water productivity is higher using deficit supplemen-
tal irrigation than with full supplemental irrigation (figure 2). However, yield improvements are greater 
with full supplemental irrigation. Thus, there is a tradeoff between maximizing yield and maximizing 
water productivity.
The implications of dry spell occurrence in smallholder farming systems were investigated using a 
crop-soil water simulation model (APSIM) in semiarid Kenya and Tanzania. In more than half of crop 
seasons the conventional maize system resulted in poor yields (less than 200 kilograms per hectare). 
Improved water management alone, using supplemental irrigation for dry spell mitigation, was not 
enough to improve farmers’ yields. When supplemental irrigation was combined with fertilizer (60 ki-
lograms of nitrogen per hectare), however, yields doubled (from 0.4 to 0.9 metric tons per hectare per 
season), and water productivity was also significantly improved. The number of seasons with crop 
failure decreased by 25%, with potentially strong impacts on household food security among the 
smallholder farming systems prevalent in tropical savannah agroecosystems (Barron forthcoming).
box 8.3
Supplemental irrigation increases yields and 
water productivity in rainfed systems
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Figure 1 Yield increase with 
supplemental irrigation at 
different rainfall amounts
Figure 2 Relationship between 
yield increase with supplemental 
irrigation and water productivity
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investments in rainfed agriculture exhibit higher marginal returns from additional invest-
ments in technology and infrastructure compared with investments in irrigated agriculture 
(Fan, Hazell, and Haque 2000).
Although supplemental irrigation has great potential, realizing maximum benefits 
depends on its proper application as one element in a package that includes other farm 
inputs and management practices. Consequently, farmers need to be involved in the de-
velopment and testing of the technology within the local community and possibly also at 
the water basin level. Water-harvesting systems have been widely adopted by commercial 
farmers. Examples include farm ponds in the upper Murray Darling Basin in Australia and 
on vineyards (for supplemental irrigation of grape production) and livestock farms (for 
drinking) in the relatively water-scarce Western Cape region in South Africa (van Dijk and 
others 2006). In India smallholder farmers in several semiarid regions have adopted water 
harvesting on a large scale.
Using the local field-water balance more effectively. Most water management invest-
ments in rainfed agriculture over the past 50 years have focused on improving man-
agement of the rain that falls on farmers’ fields. Soil and water conservation or in-situ 
 water-harvesting systems (see table 8.3) form the logical entry point for improved water 
management in rainfed agriculture.
Since in-situ rainwater management strategies are often relatively cheap and can be 
applied on any piece of land, they should be optimized before water from external sources 
is considered. Investing first in management of the local field-water balance increases the 
likelihood of success with supplemental irrigation systems based on rainwater harvest-
ing, river-flow diversion, and groundwater sources [established but incomplete]. Studies of 
the drivers of collective action in successful watersheds found tangible economic ben-
efits to farmers through in-situ rainwater conservation (Wani and others 2003b; Sreedevi, 
Shiferaw, and Wani 2004). 
In Rajasthan, India, an arid region receiving 200–300 mm of rainfall, farmers commonly harvest runoff 
from large field areas upstream. The runoff is concentrated into smaller areas at lower elevations for 
use in growing crops. In most of South India tanks are traditionally used to harvest and store runoff 
water. The stored water is used communally for supplemental irrigation during dry spells or for grow-
ing a post–rainy season crop.
A promising technology that has been widely adapted in India is the percolation tank, a small 
reservoir that captures runoff and holds the water for percolation into shallow water tables. The water 
is subsequently pumped onto the fields when needed. Groundwater storage avoids the high evapora-
tion losses of surface storage and provides a low-cost water distribution system to farms. However, 
since groundwater is a limited and shared resource, there is a risk for unequal distribution among 
farmers unless water withdrawal is regulated.
Source: Sreedevi and others 2006; Wani and others 2006b.
box 8.4 Successful implementation of supplemental irrigation in India
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Conservation agriculture is one of the most important strategies for enhancing soil 
productivity and moisture conservation [well established]. Noninversion systems, which 
replace conventional plowing with ripping, subsoiling, and no-till systems using direct 
planting techniques, combined with mulch management, build organic matter and im-
prove soil structure. Conservation agriculture is practiced in approximately 40% of rainfed 
agriculture in the United States and has generated an agricultural revolution in several 
countries in Latin America (Derpsch 1998, 2005; Landers and others 2001). There has 
been wide adoption of conservation agriculture systems among small-scale rainfed and 
irrigated farmers cultivating rice and wheat on the Indo-Gangetic plains in Asia (Hobbs 
and Gupta 2002).
Conservation agriculture is of key importance for upgrading rainfed agriculture 
among the world’s resource-poor farmers. It reduces traction requirements (by tractors or 
draft animals), which saves money and is strategic from a gender perspective, as it generally 
gives women, particularly in female-headed households, a chance to carry out timely and 
effective tillage. Conservation agriculture can be practiced on all agricultural land, since it 
does not suffer from limitations related to the need for watershed areas and storage capac-
ity for water harvesting. A particularly important soil and water management strategy in 
hot tropical regions subject to water constraints, conservation agriculture avoids the rapid 
oxidation of organic matter and increased soil erosion that occur with soil inversion (using 
plows) in hot tropical environments [established but incomplete]. Some drawbacks of the 
method are the high initial costs of specialized planting equipment and the need for new 
management skills. Another challenge is to find strategies to control weeds, particularly for 
poor farm households for which herbicides are not an option. However, while the use of 
pesticides might be necessary during the first years, the level normally falls below that of 
the original farming system after several years.
Converting from plowing to conservation agriculture using subsoiling and ripping 
has resulted in major improvements in yield and water productivity in parts of semiarid to 
dry subhumid East Africa, with a doubling of yields in good years due to increased capture 
of rainwater (box 8.5). Further increases in grain yield have been achieved by applying 
manure. These interventions can be implemented on all agricultural land. Evidence from 
East Africa and Southern Africa shows that conservation agriculture can reduce labor needs 
and improve yields in smallholder rainfed agriculture (box 8.5) [established but incomplete]. 
Yield improvements range from 20% to 120%, with rainwater productivity improving 
10%–40%.
 In-situ water-harvesting options also include techniques to concentrate runoff to 
plants, such as terracing, bunds, ridges, and microbasins. The productivity of rain in arid 
environments can be substantially increased with water-harvesting techniques that con-
centrate runoff to plants and trees (photo 8.3). Small basins (negarim) have supported 
almond trees for more than 17 years in the Muwaqqar area of Jordan, where the mean 
annual rainfall is 125 mm, even during several years of drought (Oweis and Taimeh 1996). 
In the Mehasseh area of the Syrian steppe, with an average annual rainfall of 120 mm, the 
survival rate of rainfed shrubs rose from less than 10% to more than 90% when the shrubs 
were grown in microcatchments. In northwest Egypt, with an average annual rainfall of 
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130 mm, small water-harvesting basins with 200 square meter watersheds support olive 
trees, and rainwater harvested from greenhouse roofs can provide about half the water 
required by vegetables grown inside the greenhouse (Somme and others 2004).
Shifting nonproductive evaporation to productive transpiration. In semiarid areas up 
to half the rainwater falling on agricultural land is lost as nonproductive evaporation. This 
is a key window for improving green water productivity through shifting nonproductive 
evaporation to productive transpiration, with no downstream blue water tradeoff, through 
management of soil physical conditions, soil fertility, crop varieties, and agronomy. This 
vapor shift (or transfer) of the evaporative loss into useful transpiration by plants is a par-
ticular opportunity in arid, semiarid, and dry subhumid regions.
Trials with farmers on innovative conservation agriculture in semiarid to dry subhumid areas in Ethio-
pia, Kenya, Tanzania, and Zambia during 1999–2003 indicate large potential to substantially improve 
yields and rainwater productivity of staple food crops (Rockström and others forthcoming). Limited 
fertilizer (manure and chemical fertilizer) was applied along permanently ripped planting lines. Yields 
increased significantly in all countries (see figure). The conservation agriculture systems maximized 
rainfall infiltration into the soil and cut the need for draft animal traction by at least half. 
Maize yield improvements from conservation agriculture in on-farm trials
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Field measurements of rainfed grain yields and green water flows (evapotranspiration) 
indicate that when yields double from 1 to 2 metric tons per hectare in semiarid tropical 
agroecosystems, green water productivity may improve from approximately 3,500 cubic 
meters per metric ton to less than 2,000 cubic meters per metric ton (figure 8.6; Rockström 
2003; Oweis, Pala, and Ryan 1998), a result of the dynamic nature of water productivity 
improvements when moving from very low yields to higher yields. At low yields evapora-
tive losses of water from the soil are high because the sparse canopy coverage of the soil. 
When yield levels increase, soil shading improves (thanks to larger canopies), and when 
yields reach 4–5 metric tons per hectare and greater, the canopy density is so high that the 
opportunity to reduce evaporation in favor of increased transpiration declines, lowering 
the relative improvement of water productivity. This indicates that large opportunities for 
improving water productivity are found in low-yielding farming systems, particularly in 
rainfed agriculture (water productivity is already higher in irrigated agriculture because of 
better yields).
In arid areas evidence shows that adoption of in-situ (microcatchment) water harvest-
ing for rainfall infiltration can raise productive transpiration from 10%–30% to 60%, a 
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substantial change. Moreover, with supplemental irrigation for dry spell mitigation non-
productive evaporation can be reduced to 50% of total green water flow.
Crop breeding is important for improving the response to water availability. Using both 
Mendelian breeding techniques and modern genetic engineering, new crop varieties can be 
developed that can increase water productivity while maintaining or even increasing yield.
In sum, there seems to be ample room for improvements in water productivity 
through management. Reducing nonproductive water losses can make more water avail-
able in the root zone without sacrificing blue water formation. Moreover, increasing yield 
results in a simultaneous increase in water productivity, although in this case more blue 
water is diverted to evapotranspiration.
Applying a holistic approach to agroecosystems
Investments in rainfed and irrigated agriculture are important for meeting not only the Mil-
lennium Development Goal on reducing hunger but also the goals on reducing poverty and 
ensuring environmental sustainability. Increased yields in agriculture have raised consumptive 
water use dramatically (from approximately 1,000 cubic kilometers a year in 1960 to 4,500 
cubic kilometers a year today) and have resulted in large expansions of agricultural area in 
developing countries (from some 26–32 million square kilometers to 56 million square kilo-
meters over the past 45 years; FAOSTAT 2005). As the Millennium Ecosystem Assessment 
notes, changes in land use due to expansion of agriculture were the main reason behind the 
degradation of 65% of ecosystem services over the past 50 years (MEA 2005). Thus, invest-
ments in upgrading rainfed agriculture need to take a holistic approach to agroecosystems.
Investments in rainfed agriculture promise substantial payoffs. Evidence shows not 
only large opportunities to upgrade rainfed agriculture, but also substantial payoffs for 
society. An exhaustive review of 311 case studies on watershed programs in India focusing 
on rainwater management found that the mean cost-benefit ratio of watershed programs 
was relatively high, at 1:2.14 (Joshi and others 2005). The watershed programs generated 
large employment opportunities, augmented irrigated area and cropping intensity, and 
conserved soil and water resources.
Returns to labor and profitability at the farm household scale are key drivers behind 
decisions to invest in rainfed agriculture, especially in water management. An evaluation 
of farming practices in water harvesting in Tanzania found that upgrading rainwater man-
agement is a critical factor in increasing returns to labor and thus for poverty reduction 
(Hatibu and others 2006). Similarly, case studies in Asia have amply demonstrated that 
investments in managing rainwater and enhancing its use efficiency increased profitabil-
ity for the farmers (Wani and others 2006b). In the Adarsha watershed, Kothapally, In-
dia, returns to family labor and land (net income) from rainfed cereals and pulses almost 
doubled in large part because of a watershed development approach based on integrated 
genetic and natural resources management (Wani and others 2006b). Per capita income 
was 1,900 rupees ($43) in villages without investments in upgrading rainfed farming and 
3,400 rupees ($77) in the Adarsha watershed. These examples show clearly that continued 
failure to bridge the gap between potential yields, returns to labor, and profitability and 
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those achieved on farmers’ fields in rainfed farming is a major factor explaining the per-
petuation of poverty.
Water management is a key investment for diversification of agricultural income. Off-
farm employment in rural areas usually expands in parallel with agricultural growth [es-
tablished but incomplete]. Each 1% growth in agricultural yields brings about an estimated 
0.5%–0.7% reduction in number of poor people (World Bank 2005). Thus rural employ-
ment, both on and off the farm, is strongly conditioned by the rate of agricultural growth.
A recent study in the developed Rajasamadhiyala watershed in Gujarat, India, revealed 
that public investments in rainwater harvesting enabled farmers to invest in wells, pump 
sets, sprinkler sets, and drip irrigation systems in addition to fertilizers and improved pest 
and disease management (Wani and others 2006a; Sreedevi and others 2006). Development 
in integrated watersheds triggered a shift toward commercial cereal crop production, such as 
maize, whereas in the surrounding villages without watershed development farmers contin-
ued to grow low-value cereals like sorghum. In addition, farmers in the developed watershed 
village in Andhra Pradesh put more area under vegetables and horticultural crops than did 
farmers in the surrounding villages, contributing to income stability and resilience (figure 
8.7; Wani and others 2006b). A prerequisite for such diversification is access to markets. In 
India the output from rainfed agriculture, including that from high yielding varieties, has 
increased rapidly in many areas and at the same pace as in irrigated areas (Kerr 1996).
In many parts of Tanzania rainwater harvesting has enabled farmers in semiarid areas 
to upgrade rainfed farming by growing a marketable crop, thus helping to reduce poverty. 
Farmers upgraded from sorghum and millet to rice or maize with follow-up legume crops 
that exploit residual moisture in the field. Currently, production of rice in semiarid areas 
using rainwater harvesting accounts for more than 35% of the rice produced in the coun-
try (Gowing and others 1999; Meertens, Ndgege, and Lupeja 1999). 
Farm-scale water management improvements yield multiple benefits. Investments in 
water management in rainfed systems can have important additional benefits that arise 
from the multiple roles of water for livelihoods and health. In supporting all forms of 
biomass growth for cultivated crops—pasture for livestock, noncultivated food plants, 
and fuel and construction wood—rainwater influences the resilience of rural communities 
practicing rainfed agriculture. Rural livelihoods also depend on nonagricultural incomes 
(remittances, seasonal off-farm work, rural complementary sources of income) that reduce 
vulnerability to variations in rainfall. 
A study in East Africa shows that strategies for reducing poverty to meet the Millen-
nium Development Goals require investments that promote productivity growth in three 
areas (ASARECA and IFPRI 2005). Major staples were found to be the key for overall 
economic growth and poverty reduction. Rainfed systems dominate the production of 
staples, underscoring the importance of investing in the upgrading of rainfed systems. The 
livestock sector, which consists predominantly of rainfed systems, is a key livelihood source 
for people in South Asia. And many nonfarm rural enterprises are linked to value-adding 
processing of crop and livestock products.
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There are also other options for generating more benefits from systems such as for-
ests and rangelands, which deplete rainwater naturally. They include investments to add 
further value to rain, such as the development of microenterprises associated with natural 
resources such as vermicomposting, plant nurseries, biodiesel plantations, oil extraction, 
and processing of farm produce. These help to ensure diversified livelihood options for 
women and youth and increase resilience during drought years (Wani and others 2003a; 
Joshi and others 2005; Wani and others 2006b).
Intensified rainfed agriculture requires balancing water for food and for ecosystems. 
Every increase in water used in agriculture will affect water availability for other uses, both 
for direct human use (water supply) and for ecosystem use (terrestrial and aquatic eco-
systems). In overcommitted watersheds upgrading rainfed agriculture through investments 
in water-harvesting systems may result in severe water tradeoffs with downstream users and 
ecosystems (Calder 1999), although other evidence points to limited or no downstream 
impacts on stream flow even from broad implementation of small-scale water storage sys-
tems (Evanari, Shanan, and Tadmor 1971; Schreider and others 2002; Sreedevi and others 
2006) [competing explanations]. Investing in water management in rainfed agriculture can 
have positive environmental impacts on other ecosystems as a result of reduced land deg-
radation and improvements in water quality downstream.
Basinwide gains are possible from investments in upstream water harvesting in 
rainfed agricultural systems. Improvements in water productivity, which are expected to 
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be particularly large in rainfed agricultural areas where yields often are low (see figure 8.6), 
partially offset the reduction of water availability downstream that would have resulted 
without any improvements in water productivity. Thus, although blue water availability 
downstream will likely decrease, the total amount of green water consumed per unit of 
crop yield is lower from a basin perspective. Moreover, capturing water close to the source 
(where the raindrop hits the ground), as is common in water-harvesting systems, reduces 
evaporative losses of blue water during its journey from field to watershed to river basin. 
Energy savings is another important advantage in investing in storage of water as close as 
possible to the source. Storage investments as far upstream as possible in a watershed per-
mit using gravitational energy, whereas storage downstream may require new energy to lift 
water back to the farm land. However, more research is needed to assess the downstream 
water effects of upgrading rainfed agriculture.
The dramatic increase in land degradation over the past half century as a result of de-
forestation and poor land use, often in upstream locations in river basins, has upset hydro-
logical performance (chapter 15 on land; Vörösmarty, Lévêque, and Revenga 2005). The 
reduced water-holding capacity of upper watersheds and disrupted partitioning of rainfall 
between green and blue water flows (lower green flows and higher blue storm flows) have 
affected both upstream rural communities (more recurrent water stress) and downstream 
communities (faster runoff because of lower base flow and higher surface flow; siltation of 
dams; Bewket and Sterk 2005). Investments in upgrading rainfed agriculture in upper water-
sheds, by slowing the release of water and thus taming the erosive flows of blue water, can 
reduce land degradation. Furthermore, good management of water in rainfed agriculture will 
increase slow subsurface water flows in the landscape. This improves the release of freshwater 
downstream over time and reduces land degradation from water-induced soil erosion.
Investments in improved water and land management upstream yield economic pay-
offs for communities downstream [established but incomplete]. Most documented experi-
ences have so far considered afforestation in the upstream watershed (Perrot-Maître and 
Davis 2001; Landell-Mills and Porras 2002), but examples are emerging in different parts 
of the world of downstream communities compensating upstream communities for the 
economic gains of environmental services received downstream as a result of water man-
agement investments upstream (FAO 2004a). 
New investment opportunities and policy options
The evidence on rainfed agriculture presented in this chapter conveys two key messages: 
rainfed agriculture will play a major role in global food security and sustainable economic 
growth, and there are large opportunities for gains from new investments in water man-
agement. Furthermore, the knowledge exists to substantially increase long-term yields in 
rainfed agriculture in regions subject to recurrent water-related productivity challenges. 
But there is a gap in the uptake and use of this knowledge among all stakeholders, from 
policymakers to small-scale farmers. A number of constraints interfere, including techni-
cal, socioeconomic, and policy factors, but inadequate investment in knowledge sharing 
and scaling-up of best practices is the major impediment.
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A new approach to agricultural water policy is needed that views rainfall as the fresh-
water resource and that considers both green and blue water for livelihood options at the 
appropriate scale for local communities. Unlocking the potential in rainfed agriculture re-
quires large new investments in human capacity, supporting research, and institutional de-
velopment as well as specific technologies. A new set of extension services are needed, with 
staff trained to support farmers in water management investments at the smaller rainfed 
farming scale (water management skills are now embedded in water resource development 
for large-scale irrigation). The knowledge-intensive nature of this undertaking means that 
successful dissemination will require large investments.
A policy focus on rainwater management, not just runoff 
management
Rainfed agriculture has suffered from insufficient policy and institutional support for im-
proving water management for production. Investments have focused on remediating the 
negative effects of water upstream (erosion control and water conservation) to reduce the 
downstream impact. In recent decades, however, the focus has shifted from water manage-
ment for conservation to water management for production upstream, changing the per-
ception from water as a foe, to be disposed of through erosion control measures, to water 
as a friend, to be supplied for productive purposes at the local scale.
A green and blue water paradigm for strategic investments. Today, the focus of water 
policy is primarily at the river basin or large watershed scale, while agricultural policy 
often targets the individual farm, but not in terms of water investments. A new water 
policy paradigm needs to focus more explicitly at the smaller watershed scale, which often 
corresponds to the community, small township, or village (tens to thousands of hectares). 
This scale corresponds to the relevant water resource management scale of rainfed farmers, 
where a new green revolution will have to occur over the next decades in order to achieve 
the Millennium Development Goal of reducing poverty and hunger by half and ensuring 
environmental sustainability.
Introducing a water policy focus on green water resources widens the scope to in-
clude water planning in upper watersheds and land use impacts on blue water availability 
downstream. Conventionally, in policy, management, and legal terms, only liquid, blue 
water in rivers, groundwater, lakes, wetlands, and estuaries is included in water resources 
management. Water investments in rainfed agriculture involve management of water that 
is not considered to be water. The green water resource needs to be placed centrally in wa-
ter resource investments. This requires a shift in water policy focus from permanent blue 
water flow in rivers, lakes, and groundwater to rainfall and intermittent and local surface 
runoff flow in rills and gullies, local shallow water tables, and temporary impoundments 
of surface water. Rainfall needs to be viewed as an economic water resource, rather than 
only the blue water component.
Such a shift in policy perspective took place recently in India, in recognition of the 
importance of rainfed agriculture for development and its contribution to the overall 
economic growth of the country. The government established an independent National 
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 Authority for Development of Rainfed Agriculture  in 2005. This shift has also reached the 
state level. The government of Tamil Nadu, for example, established a Mission on Rainfed 
Agriculture in 2005.
A new meso-scale for water management. Water resources management focuses mainly 
on the larger watershed or river basin scale, while agricultural interventions for rainfed ag-
riculture remain focused at the farm or field level. To capitalize on the untapped potential 
of rainfed agriculture for small-scale farmers, water management investments are required 
at the small watershed scale—the tributary scale in river basins—where runoff often flows 
only during short periods after rainfall events. 
A new water policy framework for integrated water resources management is required 
for planning and allocating rainwater at the watershed scale. Moving toward the gray area 
between rainfed and irrigated agriculture at the watershed scale requires new skills and data 
on water availability and use at the meso-scale. Essential data on important processes, espe-
cially runoff, are needed to properly design and implement landscape or community-level 
approaches to water harvesting and delivery systems for integrated water management. 
New approaches to legal ownership of rainwater at the watershed levels will also have to be 
developed. Water policies and regulations are designed for allocating irrigation water from 
large rivers, groundwater, and dams and not for collecting rainfall at the meso-watershed 
scale in small microdams, farm ponds, and percolation tanks. To succeed a new water para-
digm in agriculture is required, which promotes water investments at the appropriate scale 
for particularly small-scale farmers in tropical and subtropical developing countries.
New efforts to promote innovation and adaptive adoption
Upgrading rainfed agriculture requires integrated approaches to social and ecological 
management. A challenge facing low-productive rainfed agriculture is the need for in-
novations in management of water that require novel technologies and practices such as 
water harvesting and conservation agriculture. Both innovation and adaptation are needed 
for successful adoption and out-scaling. One promising approach is adaptive comanage-
ment between local communities and knowledge agents, in which knowledge sharing and 
transformation occur as an iterative process. Important tools for adaptive comanagement 
include participatory approaches, farmer field schools, and action research methods.
An integrated approach to rainwater management must address links between invest-
ments and risk reduction, between rainwater management and multiple livelihood strategies, 
and between land, water, and crops. Strategies for upgrading, including technologies and 
management, are generally known. However, the missing links for scaling-up and scaling-out 
are social and economic processes and institutions that can link to suitable policies.
India has experienced important success from integrated watershed management, 
with local ownership combined with tangible economic benefits among rural households 
(Wani and others 2003c). However, India’s experience also highlights the limitation of a 
compartmental approach. The benefits of increased productivity were not realized to the 
desired extent, equity issues were not addressed, and community participation was not 
achieved, resulting in neglect of the various water-harvesting structures in the watersheds.
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An integrated approach to land, water, and crop management is required on farm at the 
same time that watershed and basin development strategies are employed to increase yields 
in rainfed agriculture. Successes are not directly transferable to other socioecological contexts 
but require adaptation and comanagement. Investments in upgrading rainfed agriculture 
need to consider the wide range of benefits from rainwater that contribute to the overall re-
silience of rural communities—support for all forms of biomass growth, including cultivated 
crops, pasture for livestock, noncultivated food plants, and fuel and construction wood.
Strategies to enable investments in rainwater management
Governance of agricultural development should give more attention to resource manage-
ment and intersectoral approaches, including at the local level, to counteract the focus on 
inputs that has dominated in the past. This is challenging, as it requires the integration of 
socioecological understanding in institutional capacity so that the rain, land, and crop com-
plexities, potentials, and risks involved in rainfed agriculture are integrated in economic plan-
ning. Broader knowledge is needed for investments at national, regional, and district levels.
Institutional reform is required at the national level to bridge the divide in govern-
ance of water resources, agriculture, and the environment. Relevant departments and min-
istries need to be more closely connected in legal, policy, and management areas.
Investments are required in local institutions for resource management. Opportuni-
ties to make investments in rainfed agriculture bankable need to be promoted. Land tenure 
reforms and development of local markets and transport infrastructure are crucial. Farmer 
organizations, small-scale credit schemes, private banking partnerships, and other institu-
tional arrangements need to go hand in hand with policy advances. 
Microcredit schemes for water management investments are especially important. 
Farm households generally cannot afford the large (relative to financial capacity) initial 
investments required even for small-scale water-harvesting systems for crop production, 
despite high benefit to cost ratios and the positive impact on long-term risk reduction. 
Enabling environments are important. Well targeted economic support is essential in 
agriculture development. Improved water management needs to be supported by invest-
ments in infrastructure, markets, access roads, and secure land tenure.
Providing complementary public sector investments. To support farmers’ efforts of 
gradual intensification, participatory approaches should be combined with public invest-
ments in governance, management, and infrastructure.
In rainfed areas strategic public investments in rainwater management are urgently 
needed to encourage the private sector (individual as well as corporate) to take investment 
risks. India has demonstrated that once public investments in rainwater harvesting have 
ensured soil moisture and increased groundwater availability, individuals and industries 
will increase their investments in rainfed agriculture (Wani and others 2006a). As private 
investments tend to follow the path of minimum risk, once the highest risk for growing 
economic biomass—rainfall variability—was reduced, private investments flowed. 
Investments in infrastructure supporting agricultural development are important. Ev-
idence shows that investments in roads and education targeted to rainfed areas had a larger 
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effect on poverty than those directed to irrigated areas (Fan, Hazell, and Haque 2000; 
Fan, Zhang, and Zhang 2002). Work by Hatibu and Rockström (2005) has shown that 
investments in rainwater management generate significant impacts on poverty if accompa-
nied by linkages to profitable markets. In the Machakos District in Kenya the social and 
economic success over the past 50 years among rainfed farming communities originated 
in investments in soil and water conservation, particularly terracing (Tiffen, Mortimore, 
and Gichuki 1994), combined with investments in infrastructure that enabled farmers 
to diversify and penetrate local markets (Zaal and Oostenrup 2002). Linking crop and 
livestock producers in semiarid areas with markets and marketing systems enables them to 
obtain high returns on their investments in rainwater management, increasing the benefits 
from existing systems while promoting wider adoption. This agrees with findings in India 
that complementary investments in road infrastructure in rainfed areas resulted in much 
higher impacts on poverty (Wani and others 2006b).
Increasing the profitability of private sector investments. Profitability is a key factor deter-
mining all investment. Rainfed agriculture has suffered from particularly low profitability as 
a result of the strong focus on staple grains and the trend of declining world market prices for 
grain. By contrast, irrigated agriculture has diversified into specialized commercial crops such 
as cut flowers and other horticultural crops. Rainfed agriculture similarly needs to shift toward 
greater diversification to boost investment. This could be achieved through investments in 
water resources management [established but incomplete]. Investment in small water-harvesting 
structures for storage of local runoff for supplemental irrigation, for example, could support 
diversification by enabling off-season full irrigation of high-value vegetables and fruits.
Investmenting in capacity building. Agricultural extension services and other service in-
stitutions need to adjust their skills mix to meet the needs of rainfed agriculture. Today, 
capacity is focused on the local field scale (agriculture, livestock, and soil and water conser-
vation at the local farm scale) or the larger watershed or river basin scale for irrigation devel-
opment, management, and planning. The capacity to upgrade rainfed agriculture through 
water investments, which requires skill at the meso-watershed scale, is very limited. 
Adaptation to climate change to increase resilience 
There is growing confidence in the scientific predictions of the impacts of anthropogenic 
climate change. Water resources are severely affected, and evidence indicates, despite large 
standard deviations, that rainfall in tropical regions will become even more unreliable. 
Larger and more intensive storms will become more common, and several regions, includ-
ing Southern Africa, will suffer from reduced rainfall. Furthermore, advances in climate 
science over the past five years also point with growing certainty to the unavoidability of 
climate change impacts in the coming decades, not just in a distant future.
Increasingly, this has resulted in a growing concern for the need to adapt to climate 
change. Investments in water management in rainfed agriculture should form a corner-
stone of any country’s strategy for adapting to climate change, particularly in developing 
countries in tropical regions where rainfed agriculture plays such an important economic 
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role. Poor countries are more vulnerable to climate change, and poor communities are 
hit hardest by social and environmental shocks. Investments that reduce water-related 
risks build more resilient communities better able to face increased occurrence of floods, 
droughts, and dry spells under a changing climate. The National Adaptation Programmes 
of Action under the UN Framework Convention on Climate Change need to address both 
small- and large-scale investments in water management to meet a future with a higher fre-
quency of water-related climate shocks. For agricultural water management this includes a 
strategic balance between investments to reduce vulnerability to droughts and floods at the 
local scale through small water storage systems as well as large-scale infrastructure invest-
ments. Building water resilience to climate change adds a new and urgent dimension to the 
need for large new investments in water management to upgrade rainfed agriculture.
Comprehensive evidence for action to improve livelihoods
Diverse forces and comprehensive evidence point to the urgency of concerted and strate-
gic investments in upgrading rainfed agriculture in developing countries where water is 
a constraint to food production. They also highlight the large opportunities. Achieving 
the Millennium Development Goals of reducing poverty and hunger by half and ensur-
ing environmental sustainability is not possible without major contributions from rainfed 
agriculture. Low yields today are an opportunity for the future, given the wide evidence of 
large volumes of unused water, even in water-scarce regions, and the wide knowledge base 
of appropriate, effective, and affordable water management practices ready to be adopted 
by farmers at a large scale. Nothing less than a new green revolution is required in Sub-
Saharan Africa, and significant agricultural productivity improvements are needed in large 
parts of South, Southeast, and East Asia as well as in parts of Latin America. 
Water alone will not do the job. But this chapter shows that in rainfed farming, where 
water is a highly variable production factor, risk reduction through water management is 
a key to unlocking the potential of managing crops, soil fertility, and pests and allowing 
for diversification. A crucial finding is the possibility of improving livelihoods as well as 
water productivity through water management in rainfed agriculture. More food can be 
produced with relatively less water, particularly in the low-yielding farming systems of the 
world. 
It is time for governments and development organizations to abandon the notion 
that rainfed farming in semiarid and dry subhumid regions is a marginal activity practiced 
on drylands and instead invest in tapping the potential for doubling and often tripling or 
quadrupling productivity in these systems. This will contribute to fighting poverty, reduc-
ing environmental degradation, and building resilience to climate change; allow for a more 
balanced rural-urban development; and ultimately contribute to sustainability.
Investments 
in water 
management 
in rainfed 
agriculture 
should form a 
cornerstone of 
any country’s 
strategy for 
adapting to 
climate change
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